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PSU Green Building 
Summer Internship
RESEARCH QUESTION:
Is duct cleaning beneficial in terms of energy 
efficiency and overall occupant comfort?   
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Interior Environmental and Indoor Air Quality Assessments of Workspaces to define Future Maintenance Procedures for  
Parkmill’s Constant Air Volume (CAV) HVAC system. 
● Analyse the Interior Environmental Quality (IEQ)
● Evaluate the duct cleaning process.
● Analyse the Indoor Air Quality (IAQ)
● Conduct a basic post occupancy evaluation.
OBJECTIVES:
Points to consider 
● Duct cleaning has never been performed in Parkmill building since it was 
built in 1957.
● There are no evidence that significant amount of energy will be saved 
considering the cost of the duct cleaning.
● Green Revolving Funds qualification.
● The University Services Building (USB) example.
● The HVAC system is CAV.
The HVAC System
● Constant Air Volume (CAV)
● 3 Supply fans. SF-1 serves the first floor and some parts of other floors 
Basement  1st floor 2nd floor 
Two main zones 
We decided to focus our study in the 
occupied spaces of the floor
We expected to to have a very close 
average indoor temperature and relative 
humidity in zones A and B.
CAV, and S-1
Methodology 
● The Indoor Air Quality (IAQ) term is used to describe a low pollutants 
ambient air environment with a comfortable temperature and relative 
humidity level.
● Data will be gathered using Sensors and surveys to assess the current 
IAQ, and will be done again after the completion of the duct cleaning 
process.
Temperature, RH, and CO2 Sensors 
● Kestrel Drop data loggers 
● Onset HOBO MX CO2 Logge
● Data loggers were set to take readings every 30 min
150
101A
119
TVOC, PM, and air flow 
● VOC.TraQ to measure the TVOCs, VelociCalc for air Velocity,
● And FLUKE for PM
● Mass Spectrometer.

Preliminary  results
Kestrels results
What about Zone B ?
Preliminary results
 Preliminary results 
Maximum Temperature and RH Zone A vs. Zone B
Average Temperature and RH Zone A vs. Zone B
HOBOs Maximum CO2 results 
Space 119 CO2 levels
CO2 level vs performance 
Methodology
Thermal comfort
Indoor Air Quality
Lighting/Illuminance
Building materials and 
finishes
Methodology
Thermal comfort
Indoor Air Quality
Lighting/Illuminance
Building materials 
and finishes
Indoor Environmental Quality (IEQ)
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Testing plan and 
space selection                Literature reviews             Simulations + survey           
PIT on-site testing            Data Analysis           Results           
12:30p                
Testing plan 
Finding value in Post 
Occupancy Evaluations             Materials          Illuminance Daylighting + Artificial Lighting           
Education      
Commercial
Healthcare
Institutional
Residential
Literature Research:
IEQ + Occupant Satisfaction
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North Glazing 
material type
East facade 
trees; 
“shading”
Artificial lighting 
measurements
Sample of the survey questions
Survey 
Implementation            
Literature reviews on duct cleaning effects  
“The effect of duct cleaning on perceived work environment and symptoms of 
office employees in non-problem buildings”
Literature reviews
“The effect of duct cleaning on perceived work environment and symptoms of 
office employees in non-problem buildings”
Next steps
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Duct Cleaning 
Duct Cleaning
Energy usage  
Thermal images 
Temperature 
Relative Humidity 
CO2 The data was taken on August 9th and 23rd from 11am-10am
Particulate Matters 
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Participant 
Responses
Total Occupants
Zone B Zone A
Total Response per Zone
8+
4-6 hrs
6-8 hrs
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Work Spaces with Daylight 
   Exposure
No Daylight
Daylight
Participants with Daylight 
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No Daylight
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Thermal Comfort
Question #2: 
Please rate your satisfaction with 
the air temperature in your work 
space during the past month
Thermal Comfort
MODERATELY SATISFIED
NEUTRALMODERATELY DISSATISFIED
EXTREMELY DISSATISFIED
Thermal Comfort
Question #2: 
During the summer, I find that the 
air temperature in my work space is:
MONDAY TUESDAY WEDNESDAY THURSDAY
DAILY I HAVE NOT EXPERIENCES THIS SITUATION IN 
MY WORK SPACE
Hotter
Slightly Warmer
About the same
Slightly cooler
Colder
Indoor Air Quality
Question #2: 
How would you rate the indoor 
quality in your work space?
Indoor Air Quality AVERAGEPOOR
GOOD
Indoor Air Quality
Question #2: 
Have you experienced the following 
air quality conditions:
Stale air
Dry air
Stuffy air
Unusual Odors
I have not experienced the listed conditions
Indoor Air Quality
Work Space Environment
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DIVA Illuminance
Visualization            
Current: LED Wrap Lighting
Past: Fluorescent Lighting   
Visualization: False-color   
